Introduction
A mechanical stirring method is applied in steelmaking such as KR process for desulphurization, in which many reports have been published. [1] [2] [3] [4] [5] However, the further research should be required in order to enhance the mixing performance of the reactor. Recently, H. Sohn 6) studied the effect of a baffle using a water model and reported that the use of a baffle doubled desulphurization degree in a practical operation. Nomura and Iguchi 7) found that the inclined swirl formed by the slanted stirring device accelerated the dispersion of low density particles in a bath. The effect of a baffle on the mixing characteristics of a mechanically stirred vessel was investigated by using a water model in this study. The velocity profile in a bath was measured by LDV (Laser Doppler Velocimeter) method. The concept of information entropy was introduced and the mixing properties were estimated.
Experimental

Mixing of the Floating Particles with the Bath
Liquid Schematic drawing of the experimental set-up is shown in Fig. 1 . A cylindrical vessel made of acrylic resin was used. The bath was mechanically agitated by 4-fin type impeller and the rotation torque was continuously measured by the sensor. The rotation rate was varied up to 400 rpm. A baffle (width: 20, 40, 60, 80 mm, thickness: 15 mm) was fixed to the wall to change the tangential flow in the vessel. The gap between the baffle and the bottom of the vessel (baffle-bottom gap) was varied from 0 to 150 mm. Spherical polyethylene particles (density: 0.89 g/cm 3 , diameter: 5.85 mm) were added and the behavior of them were observed by a video system.
Measurement of the Fluid Flow and the Complete
Mixing Time The axial and tangential velocities were measured by LDV at P1, P2 and P3, which were located 300 mm, 195 mm and 75 mm from the bottom, respectively. The sampling frequency was 0. The effect of baffles on the mixing of bath liquid and solid particles was investigated using a water model for the mechanically stirred vessel. The baffle whose width is 1/10 of the vessel diameter was enough to enhance the liquid-particles mixing. The LDV measurement showed the formation of the unsteady vertical flow by the baffle. The concept of information entropy was introduced for the evaluation of the mixing properties of the reactor. The vessel was divided into 35 regions and the transition probability for each region was estimated from the velocity profiles obtained from the LDV measurement. The complete mixing time was predicted by the calculation and compared with the observations. KEY WORDS: steelmaking; mixing; baffles; information entropy; mixing index; complete mixing time. conductivity measurement using KCl solution as the tracer. The baffle-bottom gap was fixed to 0 mm for all the experiment.
Experimental Results
Mixing of the Floating Particles with the Bath Liquid
Since the unsteady flow was generated by the baffle, the mixing of the bath liquid and particles is expected to be promoted. The normalized residence time of a particle, t (Ϫ) defined by Eq. (1) was measured as a function of the baffle width 8) to evaluate the penetrating period of one particle into the bath. In Eq. (1), Dt (s) is the particle residence time in the bath, which was determined by the video observation, and T (s) is the total measurement time. Figure 2 shows that t remarkably increased with the baffle width up to 60 mm. Therefore, the baffle enhanced the penetration of the particle into the bath.
In order to evaluate the mixing effect for a number of particles, thousand polyethylene particles were added and the video images were numerically analyzed. The two-dimensional particle concentration C p (Ϫ) defined by Eq. (2) was calculated. 
.(2)
A p is the total sum of the particle image areas and A is the full area of the video frame. Figure 3 shows the effect of the gap between the baffle and the vessel bottom on the two-dimensional particle concentration. Since the vertical flow was accelerated by the existence of the gap, C p increased with the increase in its length. The effect on the solid-liquid mixing seemed greater for 60 mm baffle than the 40 mm one.
Velocity Profiles
From the LDV measurement, it was observed that the tangential velocity was marginally decreased by the existence of the baffle. Therefore, the variation of the axial velocity should affect the mixing properties. Figure 4(a) shows that the average axial velocity at P1 increased with the rotation torque for various baffles, where positive value means the upward flow. It once decreased for 20 mm width and then increased with the increase in the baffle width. Figure 4(b) shows the same plots at P2. The flow direction was changed from downward to upward when the baffle width was greater than 60 mm. Figure 4(c) shows the same plot at P3. The downward flow was promoted by the baffle. It can be concluded from the figures that the axial velocity of liquid was accelerated for both directions by the existence of the baffle, which enhanced the mixing of particles with the bath liquid as well as the mixing of the bath itself. Fig. 3 . Dependency of the two-dimensional particle concentration index, C p , on the baffle-bottom gap. 
Discussion
Ogawa et al. 9, 10) proposed the local and whole mixing capacity indexes based on information entropy. They calculated the entropy from the transition probability that the liquid involved in one region transfers to the other in a unit of time. Sasaki et al. 11) applied the same method to analyze the cylindrical reactor with bottom gas injection.
When the vessel is divided into N regions, the transition probability of the fluid from the i-th region to the j-th region in a unit of time Dt, A ij , is expressed in Eq. (3) in terms of the dimensionless volume of the j-th region, V j *, and the transition probability of the fluid involved in a unit volume, a ij . The whole mixing entropy of the vessel is given by Eq. (5), where P V,i is the ratio of V i * and V T * which is the dimensionless total volume.
...(5)
If the tracer is injected into the i-th region at tϭ0, the mixing index of the reactor M(n) at nDt can be expressed by Eq. (6). P C,i,nDt is the probability that the tracer is involved in the i-th cell at nDt.
..... (6) If the matrix of A ij and the probability vector of P C,i,nDt is expressed as m[A ij ] and Q(P C,i,n Dt ), the Eq. (7) can be obtained under the assumption of Markov process.
Therefore, if the transition probability matrix of the reactor, m[A ij ], is known, the degree of mixing can be estimated by Eq. (6) and the tracer concentration changes in the reactor can be predicted in terms of the difference Eq. (7).
In order to apply the above mentioned theory to this study, the space of the vessel was divided into 35 ring shaped regions, whose cross-sectional illustration is shown in Fig. 1 . The transition probability matrix for the reactor, m[A ij ], was estimated by the trial and error method to reproduce the conductivity measurements. It was assumed that the transition probability was proportional to the velocity of the fluid and the turbulent intensity for the convenience of complex calculations. However, the constants of proportion were selected arbitrarily. Dt was also assumed to be 1 (s) in the calculation.
The mixing index M was calculated to estimate the effect of the baffle on the whole mixing by using the obtained m[A ij ] and Eq. (5). Figure 5 shows the variation of M with time for the vessel with and without a baffle. The tracer was injected just above the impeller (region #10). M increased with time and was enhanced by the existence of the 60 mm baffle. Mϭ0.85 corresponds to the experimentally obtained complete mixing time. Figure 6 shows the tracer concentration changes at various regions in the vessel which were calculated by Eq. (7), when the tracer was injected from the upper edge of the impeller (region #12). The concentrations of the tracer in different four regions approached to the same concentration at about 30 (s) after the injection, which is corresponding to the experimentally complete mixing time. Figure 7 shows the variation of the conductivity of the liquid in the region #18 with time. The solid curve was obtained by the experiment and the dotted curve was the calculation. Since the precise calibration of the conductivity sensor could not be conducted, the vertical axis in the figure is shown in a arbitrary unit. Very good agreement was obtained between the observation and the calculation in the sense of complete mixing time. The calculated result seems to be smoothed comparing with the observed chart because
( * */ *)( log log ) / of the relatively coarse mesh (5ϫ7) and time step (1 s).
Conclusion
(1) The mixing of particles with the bath liquid was promoted by the use of baffle for the mechanically stirred cylindrical vessel.
(2) The axial velocity of liquid was accelerated for both directions by the existence of the baffle, which enhanced the mixing of particles with the bath liquid as well as the mixing of the bath itself.
(3) The information entropy concept was applied to analyze the mixing properties of the reactor. The complete mixing time and the tracer concentration change were well predicted by using the transition probability matrix which was estimated form the LDV and conductivity measurements.
